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Process and device for the three-dimensional measureinent of bodies, especially teeth in 
patients' buccal cavities, in which ail the partial views of the body to be measured are recorded 
with the aid of at least two optics (1 2A, I2P) arranged at a fixed mutual distance in a probe (47) 
with light radiated by a source and the image refleaed by the panial views at a parallax angle 
corresponding to the distance between the two optics (1 2A, I2P) and taken to an image sensor 
which converts the light images into clearic data signals which are evaluated in a computer to 
produce an overall image including all the partial views. The individual panial views arc ex- 
posed and the refleaed light images arc recorded cither in succession by means of the at least V>< 
two optics (I2A, I2P) which arc movable wiihin the probe (47) or at the same time or in succes- 
sion with more than two optics (I2A, I2P) which are fixed inside the probe (47). 

(57) Zusammenfassung 

Verfahrcn und Vorrichtung zur dreidimensionalen optischcn Vermcssung von Korpcrn, 
insbesondcre von Zahnen in der Mundhdhle von Palicntcn, wobci sSmtlichc Teilansichtcn dcs 
2u vcrmessenden Korpers mil Hilfc wenigstens zweier mit festgclcgtem Absiand in ciner Sonde 
(47) cinander zugcordncten Optiken (I2A, I2P) mit von eincr Lichtquclle ausgcsirahltcm Lichi 
und die von den Teilansichtcn renckticrten Lichtmuster unicr cinem dcm Absiand zwischen bei- 
den Optiken (I2A, I2P) cnisprcchendcn Parallaxwinkel aufgenommcn sowic einem Bildscnsor zugefuhn wcrdcn, der die Licht- 
muster in elcktrischc Datensignale umwandelt, die in einem Rechner zur Erstcllung ciner siimtlichc Teilansichtcn umfassenden 
Gesamiabbildung ausgewenet wcrdcn. Die Bclcujchtung der cinzelncn Teilansichtcn und die Aufnahme der jewcils rcfickiiertcn 
Lichtmuster wird durchgcfuhrt: entwcdcr nacheinander mittcis der wenigstens zwei Optiken (I2A, I2P), welchc inncrhalb der 
Sonde (47) verschiebbar sind, oder glcichzcitig oder nacheinander mit mehr als zwei Optiken (I2A, I2P), die inncrhalb der Sonde 
(47) onsfest angebracht sind. 
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Verfahren und Vorrichtung zur dreidimensionalen optischen Vermessung von 
insbesondere Zahnen in der Mundhohle von Patienten^.^ 

5 

Die Erfindung betrifft ein Verfahren und eine Vonichtung zur dreidimensionalen 
optischen Vermessung von Oberflachen bzw. Korpem, insbesondere von Zahnen oder 
Zahngruppen in der Mundhohle von Patienten, nach den Oberbegriffen der 
Patentanspruche 1 und 4 bis 6. 

10 

Aus der EP-Al 0278 882 ist eine derartige Vonichtung bekannt, die mittels eines sog. 
Triangulationsverfahrens die Oberflache von Zahnen zwecks Herstellung von 
Zahnprothesen vermiBt. Bei dieser optischen dreidimensionalen Vermessung wird ein 
Streifenmuster auf den jeweils zu vermessenden Zahn projiziert und dieses ist dann 

1 5 unter einem Parallaxwinkel betrachtet. Aus den dabei beobachteten Verformungen des 
Streifenmusters laBt sich die Topographic des vermessenen Zahnes errechnen. Auch das 
sog. Cerec-System der Firma Siemens beschafdgt sich unter Verwendung des 
Triangolatiunsverfahrens mit der computergestutzien Herstellung von Keramikinlays fur 
Zahne. Die Vermessung eines Zahnes oder einer Zahngruppe erfolgt bei diesen 

20 bekannten Verfahren dadurch, daJB der Zahnarzt die Sonde innerhalb der Mundhohle 
des Patienten zeitiich nacheinander manuell in verschiedene Positionen relativ zum 
Zahn bringt, um einander uberlappende Teilansichten des Zahnes aufzunehmen, die 
dann mittels des Rechners zu einem Gesamtbild zusammengesetzt werden. Aufgrund 
ihrer manuellen Handhabung durch den Zahnarzt befindet sich die Sonde wahrend der 

25 Aufnahme der verschiedenen Teilansichten in unbestimmten Positionen, die nicht im 
definierten Verbal tnis zueinander siehen. Infolgedessen konnen die einzelnen 
Teilansichten nur dann zu einem die Topographic des vermessenen Zahnes korrekt 
darstellenden Gesamtbild zusammengeseizl werden, wenn Kalibrationskorper in der 
Mundhohle oder an den Zahnen des Patienten so befestigt werden, daB sie mit jeder 

30 Teilansicht mit vermessen werden konnen, um dem Rechner die korrekte Zuordnung 
der einzelnen Teilansichten zueinander zu ermoglichen. 

Es ist Aufgabe der Erfindung, ein Verfahren und eine Vorrichtung der eingangs 
genannien Art so weiterzubilden, dalJ Vermessungen ohne Verwendung von 
35 Hilfsmitteln, wie beipsielsweise Kalibrierkorpem, einfacher, schneller und genauer 
durchgefuhrt werden konnen. 
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Diese Aufgabe wird hinsichdich des Verfahrens dadurch gdost. daB die Beleuchtung 
der einzelnen Teilansichten und die Aufnahme der jeweils reflektierten Lichtmuster 
durchgefuhrt wird: entweder nacheinander miltels dec^wenigstens rwei Opdken, welche 
zu diesem Zweck innerhalb der Sonde aufeinanderfolgend in defmierte, den einzelnen 
Teilansichten zugeordnete Positionen verschoben werden, oder gleichzeilig oder 
nacheinander mil mehr als zwei Opdken, die innerhalb der Sonde ortsfesi in definierten, 
den einzelnen Teilansichten jeweils zugeordneten Posidonen angebracht sind, wobei die 
Sonde in einer einzigen und damit bezuglich der gegenseidgen Zuordnung der einzelnen 
Teilansichten definierten Posidon gehalten wird. 



Vorzugsweise wird nach dem Prinzip der Trianguladon verfahren, wobei mittels jeweils 
einer Opdk ein Streifenmuster auf die einzelnen Teilansichten projiziert und mittels 
einer anderen Opdk das jeweils reflektierte, entsprechend der Topographie der jeweils 
vermessenen Teilansicht verformte Streifenmuster aufgenommen und als Grundlage zur 
15 Erzeugung der elektrischen Datensignale verwendet wird. Die Voneile dieses 
Trianguladonsverfahrens gegenuber dem interferometrischen Moir6-Verfahren bestehi 
u,a. darin, daB kein koharentes Licht erforderlich ist und keine Specklemusier 
auftreten. 



20 Gemafl einer Weiterbildung des erfmdungsgemaBen Verfahrens wird das Phasenshifi- 
Prinzip angewendet, bei dem ein Streifenmuster mit einer durch eine Sinuskurve 
darstellbaren Helligkeitsverteilung mil jeweils verschiedener Phase wenigstens dreimal 
auf jede Teilansicht projizien und das reflekderte Streifenmuster aufgenommen wird. 
Das die Gleichung jeder Sinuskurve drei Unbekannte, namlich die Grundhelligkeit, den 

25 Helligkeitskontrast und die Phase der jeweiligen Wellenfront enthalt, dienen die drei 
durchgefuhrten Aufnahmen zur Ermitdung der gesuchten Phase, wobei gleiche Phasen 
Punkte gleiche Hohe am vermessenen Korper darstellen. Der Vorteil gegenuber dem 
stadsche Streifenmuster projizierenden Verfahren liegt in der kondnuierlichen, 
flachenhaften Informadon im Gegensatz zu diskreten Konturlinien. Damit konnen 

30 Auflosungen erreicht werden, die im Bereich von wenigen Mikrometem liegen. 

Zur Durchfiihrung der Verfahrensvarianie mit gleichzeidger Beleuchtung der einzelnen 
Teilansichten und der Aufnahme der jeweils reflekderten Lichtmuster ist eine 
Vorrichtung vorgesehen, bei der dieZahl der jeweils zwei mit festgelegtem Abstand 
35 einander paarweise zugeordneten Opdken gleich der Anzahl der Teilansichten und ihre 
Anordnung innerhalb der Sonde ortsfest sowie gleich der gegenseidgen Anordnung der 
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Teilansichten ist, wobei die eine der jeweils zwei einander paaiwdse zugeordneten 
Opdkoi an die Uchtquelle und die andere an den Bildsensor angeschlossen ist. 

Zur Durchfuhrung der zweiten Verfahrensvariante mil aufeinanderfoigender 
Beleuchtung der dnzelnen Teilansichten und der Aufnahme der jeweils reflektierten 
Lichtmuster ist eine Vonichtung vorgesehen, bei der die Zahl der Optiken gleich der 
Anzahl der Teilansichten und ihre Anordnung innerhalb der Sonde ortsfesi und gleich 
der gegenseitigen Anordnung der Teilansichten ist, wobei ein Multiplexer zum 
paarweisen gleichzeitigen AnschlieBen jeweils zweier Optiken an die Lichtquelle bzw. 
an den Bildsensor vorgesehen ist. Dabei konnen fur diesen AnschluO entweder 
benachbarte oder nicht-benachtbart Optiken vorgesehen sein. 

Die aufeinanderfolgende Beleuchtung der einzelnen Teilansichten und die Aufnahme der 
jeweUs reflektierten Streifenmuster kann gemafl der dritten Verfahrensvariante mit einer 
Vorrichtung durchgefuhn werden, bei der die wenigstens zwei mit festgelegtem 
Abstand einander paarweise zugeordneten Optiken in defmierten, der Breite der 
Teilansichten entsprechenden Schritten innerhalb der Sonde enUang einer der 
gegenseitigen Anordnung der Teilansichten zugeordneten Bahn verschiebbar und Qber 
einen Multiplexer an die Lichtquelle bzw. an den Bildsensor anschlieflbar sind. 

Vorzugsweise sind die OpUken enUang einer Kreisbahn oder einer Zylinderbahn 
angeordnet, bzw. verschiebbar. 



ZweckmaUigerweise sind die Lichtquelle und der Bildsensor auflerhalb der Sonde 
angeordnet. Gemafl einer WeiierbUdung der Erfmdung ist zwischen der Lichtquelle und 
der Sonde ein LCD-Matrix-Lichtmodulator zum Erzeugen eines Streifenmusters zur 
Projektion auf die einzelnen Teilansichten angeordnet. 

Gunstig ist eine Anordnung der Lichtquelle in einem Videoprojektor. 

Vorzugsweise ist der Multiplexer ein optischer Muliplexor mit einer Prismen- und/oder 
Spiegelanordnung. Dabei kann der optische Multiplexer uber optische Phaserkabel an 
die LichtqueUe bzw. den Bildsensor angeschlossen sein. Vorzugsweise ist der 
Bildsensor eine CCD-Kamera. 



Vermessung von beispielsweise gegenuberstehenden Zahnen zwecks Anpassung 
beiden Kauflachen ist es zweckmaflig, wenn die Sonde zur Projektion des Uchtes 
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in und zur Aufnahme der reflekderten Lichtmuster aus einander entgegengesetzten 
Richtungen ausgebildet ist. 

Gemafl einer Weiterbildung der Eriindung umfafit der Rechner Mittel zum Umrechnen 
5 der elektrischen Datensignale in Koordinaten. Dabei konnen die Koordinaten 
Kugelkoordinaten, beispielsweise fur die Vermessung eines einzigen Zahnes, oder 
Zylinderkoordinaten, beispielsweise rur Vermessung von Zahngnippen, sein. Derartige 
Koodinaten gewahrleisten, dafi einander uberlappende MeBflachen so gemittelt werden 
konnen, dafi sie weitgehend absatzfrei ineinander ubergehen. Auf diese Weise werden 
0 Mehrdeutigkeiten der Messungen ausgeschlossen. Dabei isi es gunstig, wenn der 
Rechner einen Matrixspeicher zur Speicherung der Koordinaten umfafit. 

Zweckmafiigerweise ist die Lichtquelle eine FaiblichtqueUe oder wenigstens ein 
Farbfeld ist ihr nachgeschaltet. Wird beispielsweise ein Roifilter oder Rotlicht 
5 verwendet, dann kann beispielsweise bei der Zahnvermessung eine deutliche 
Unterscheidung zwischen dem roten Zahnfleisch und dem weifien Zahn getroffen 
werden. 

Nachstehend ist die Erfindung anhand einiger Ausfuhrungsbeispiele unter Bezugnahme 
auf die Zeichnung naher beschrieben. Es zeigen 

Figur 1 eine schematische Darstellung eines zur Vermessung von Zahnen mittels einer 
Mundsonde vorgsehenen Ausfuhrungsbeispiels der erfindungsgemafien Vorrichtung, 

Figur 2 eine Draufsicht auf eine Gruppe von Zahnen, 

Figur 3 eine Seitenansicht der Zahne nach Figur 2, 

Figur 4 eine Unteransicht der Mundsonde nach Figur 1 als eine ersie Variante, 
Figur 5 einen Querschnitt der Mundsonde nach Figur 4, 
Figur 6 einen Querschnitt einer zweiten Variante der Mundsonde, und 
Figur 7 eine Unteransicht einer dritten Variante der Mundsonde, und 



Figur 8 und Figur 9 je eine Unteransicht einer vierten* Variante der Mundsonde. 
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Die in Fig. I daigestellte Vorrichtung umfaBt eine in die Mundhohle eines Patienten 
einfuhrbare Mundsonde 1, einen Videoprojektor 2 nUteiner Lichtqueile 3 in Form einer 
GlQhIampe, einem Rotfilter 4 und einem LCD-Matrix-Lichimodulator 5, die beide im 
5 Strahlengang des Projektors angeordnet sind, einen Bildsensor 6 in Form einer CCD- 
Kameia, einen Rechner 7 und eine optische Faserkabelverbindung 8 zwischen der 
Mundsonde 1 und dem Videoprojektor 2 sowie der CCD-Kamera 6. 

Die in Fig. 4 vergroBert dargestellte Mundsonde 1 besteht aus einem Sondenteil 9 und 
10 einem Handgriffteil 10. Der Sondenteil 9 umfaBt einen mittels eines nicht gezeigten 
programmgesteuerten Drehantiiebs schrittweise drehbaren Drehring 11, in welchem 
zwei gleichartig ausgebildete Mikrooptiken in Form je eines Objektivs 12 mil 
festgelegtem, jedoch verstellbarem Winkelabstand 13 angeordnet sind. Eines der 
Objektive dient als Aufnahmeobjektiv 12A und das andere Projektionsobjektiv 12P. Der 
15 Drehring 11 ist urn jeweils einen definierten Winkelbetrag 14 in vorzugsweise sechs 
definiene Positionen schrittweise drehbar. Sechs Posiiionen sind deshalb gewahli, weil 
es zur voUstandigen dreidimensionalen Vermessung eines Zahnes 15 vorteilhaft ist, 
sechs Teilansichten 16-21 von schrag oben aufzunehmen, wie dies in den Fig. 2 und 3 
gezeigt ist. Der Winkelbetrag 14 und damit die jeweUs aufzunehmenden Teilansichten 
20 konnen mittels der Programmsteuerung beliebig verandert werden. Ebenfalls verandert 
werden kann der Winkelabstand 13 zur Verstellung des Parallaxwinkels 22 zwischen 
dem Projektionsobjektiv 12P und dem Aufnahmeobjektiv 12A. En optischer 
Multiplexer 23 im Sondenteil 9 dient zur optischen Kupplung beider Objektive 12A, 
12P mit je einem optischen Faserkabel 24A bzw. 24P, die den Handgriffteil 10 und die 
25 sich anschlieBende Faserkabelverbindung 8 durchlaufen. Das Faserkabel 24P verbindet 
uber den Multiplexer 23 das Projektionsobjektiv 12P mit dem Videoprojektor 2, 
wahrend das Faserkabel 24A ebenfalls uber den Multiplexer 23 den AnschluC des 
Aufnahmeobjektivs 12A an die CCD-Kamera 6 herstellt. 



GemaB Fig. 5 umfaBt der Drehring 11 zwei DrehteUer 25. 26, die randseitig gelagert 
sind, so dafl der Bereich ihrer Drehachse frei von mechanischen Einbauten ist. Im 
DrehteUer 25 ist das Aufnahmeobjektiv 12A und im Drehteller 26 das hier nicht 
gezeigte Projekuonsobjekuv 12P, beide um dem Parallax winkel 22 versetzt, 
angeordnet. Die hier lediglich angedeuteien motorischen Antriebe 27,28 fur die 
DrehteUer 25,26 sind programmgesteuert und erfolgen entweder uber ein 
Zahnriemensystem von auBen oder durch Miniatur-Schrittmotoren. Solche Antriebe 
sind dem Fachmann bekannt und brauchen hier nicht naher eriautert zu werden. 
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Der Multiplexer 23 umfaBt zwd Umlenkprismen/Spiegelanordnungen, die je einem der 
Drehteller 25,26 zugeordnet sind. Die dem Drehteller 25 zugeordnete Anordnung 
besteht aus zwei auf dem Drehteller 25 montierten Umlenkprismen oder -spiegeln, 

5 29,30 und einem weiteren Umlenkprisma oder *spiegel, das auf einem starr zwischen 
beiden Drehtellem 25,26 angeordneten durchsichtigen Trager 32 befestigt isL Die dem 
Drehteller 26 zugeordnete Anordnung besteht aus zwei am Drehteller 26 montierten 
Umlenkprismen oder -spiegeln 33,34 und einem weiteren Umlenkprisma oder -spiegel 
35, das auf dem durchsichtigen Trager 32 befestigt ist* Die Umlenkprismen oder - 

0 Spiegel 31,35 sind in der Drehachse des Drehrings 11 angeordnet und optisch mit den 
Faserkabeln 24A bzw. 24P verbunden. Die Unlenkprismen oder -spiegel 30,34 
befinden sich in der Drehachse des Drehringes 1 1, wobei sie den Umlenkprismen oder - 
spiegeln 31 bzw. 35 zugeordnet sind. DieUmlenkprismen oder -spiegel 29,33 sind den 
Objektiven 12A bzw. 12P zugeordnet. 

5 

Die Vorrichtung gemaB den Fig. 1,4 und 5 arbeitet nach dem Triangulations- und 
Phasenshiftverfahren. Beide Verfahren sind bekannt und werden hier nicht naher 
erlautert. 



Der Rechner 7 erzeugt digital ein bestimmtes, programmierbares Streifenmuster, das in 
einem nicht gezeigten Projektionsbildspeicher digital gespeichert und uber eine ebenfalls 
nicht gezeigte Digital/Analog-Schnittstelle in ein Videosignal zur Ansteuening des 
LCD-Matrix-Lichtmodulators 5 im Videoprojektor 2 umgewandelt wird. Dieser LCD- 
Matrix-Lichtmodulator 5 wird mil dem von der Gluhlampe ausgestrahlten Licht 
durchstrahlt, um dieses punktweise mit hoher Auflosung und einer groflen Anzahl von 
moglichen Graustufen zu modulieren. Das modulierte Licht wird uber die 
Abbildungsoptik des Videoprojektors 2, das optische Faserkabel 24P, die 
Umlenkprisma/Spiegelanordnung 35,34,33 und das Projektionsobjekiiv 12P auf die 
jeweils eingestellte Teilansicht des zu vermessenden Zahnes 15 in Form eines 
Streifenmusters projiziert. Der entsprechende Strahlengang ist in Fig. 5 mit dem 
Bezugszeichen 36 bezeichnei. Das Aufnahmeobjektiv 12A nimmt das reflekiiene und 
entsprechend der Topographic der jeweiligen Teilansicht des zu vermessenden Zahnes 
15 verformte und aufgrund der Beobachtung unter dem Parallaxwinkel 22 
wahmehmbare Licht- oder Streifenmuster auf und leiiet es entlang dem in der Fig. 5 
mit dem Bezugszeichen 37 bezeichneten Strahlengang uber die 
Umlenkprismen/Spiegelanordnung 29,30,31 und das optische Faserkabel 24 A der 
CCD-Kamera 6 zu, die es in elekirische Daiensignale umwandelt, die im Rechner in 
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beispielswdse Kugelkoordinaten, deren Ursprung durch die Drehachse des Drehrings 
11 bestimmt wird und vorzugsweise im Inneren des Zahnes oder unterhalb desselben 
liegt, umgerechnet und in einem Matrixspeicher abgelegj^werden. GemaB dem bereits 
beschriebenen Phasenshiftverfahren wird die vorbeschriebene Aufnahme zweimal 
5 wiederholl und die insgesaml ermittelten Meflwerte im Rechner ausgewertel. 
AnschlieBend werden die beiden Objektive 12A , 12P durch entsprechende Drehung des 
Drehrings 11 um den Winkelbetrag 14 nacheinander in die verbleibenden funf 
Positionen uberfuhrt, um die vorbeschriebenen Aufnahmen fur jede Teilansicht jeweils 
dreimal zu wiederholen. Die insgesamt ermittelten Daten dienen entweder zur 

10 Darstellung eines samtliche aufgenommenen Teilansichten umfassenden Gesamtbildes 
auf einem Monitor und/oder nach evtl. Korrektur durch den Zahnarzt zur Steuerung 
einer nicht gezeigten Schleif/Fraseinrichtung, um beispielsweise ein Zahninlay oder - 
onlay herzustellen. Obwohl die gesamten Aufnahmen nur einen sehr kurzen Zeitraum 
erfordem, wird die Mundsonde 1 vorzugsweise wahrenddessen durch den Gegenbifi des 

1 5 Patienten an Ort und Stelle gehalten. 

Fig. 6 zeigt eine Mundsonde 38, die sich von der Mundsonde 1 lediglich durch die 
nachstehend beschriebenen Konstruktionsdetails unterscheidet, im ubrigen jedoch die 
gieiche Funktion aufweist. Der Drehring 11 umfaBt einen einzigen Drehteller 39, der 

20 mittels einer Drehachse 40 in einer U-formigen Anordnung 41 mit einem durchsichtigen 
Schenkel 42 drehbar gelagert und mittels des Antriebs 43 antreibbar ist. Auf der dem 
durchsichtigen Schenkel 42 zugewandten Seite des Drehtellers 39 sind auBerhalb der 
Drehachse die Objektive 12A, 12P und die zugeordneten Umlenkprismen oder -spiegel 
29 bzw. 33 befestigt. Statt der zwei Umlenkprismen oder -spiegeln 30, 34 gemaJJ der 

25 Mundsonde 1 verwendet die Mundsonde 38 lediglich ein einziges Umlenkprisma oder - 
spiegel 44, welchem die ebenfalls in der Drehachse, jedoch siationar in den einander 
gegenuberliegenden Schenkeln der U-formigen Anordnung 41 befestigten 
Umlenkprismen oder -spiegel 31,35 zugeordnet sind. 

30 Die in Fig. 7 gezeigte Mundsonde 45 unterscheidet sich von den Mundsonden 1 und 38 
durch die nachstehend beschriebenen Konstruklionsmerkmale. Der Sondenieil 9 isi als 
nicht drehbarer Ring 46 ausgebildei, in welchem die in der Mundsonde nach Fig. 4 
venvendete Objektivanordnung bestehend aus dem Aufnahmeobjekiiv 12A und dem 
Projektionsobjektiv 12P in mehrfacher, vorzugsweise sechsfacher Ausfertigung entlang 

35 einer Kreisbahn angeordnet ist. Aus Platzgrunden sind hier jedoch nur zehn Objektive 
eingezeichnet. Die Abstande zwischen den einzelnen Objektiven 12 sind wahlweise 
verstellbar. Ohne Zwischenschaltung eines Multiplexers sind die Aufnahmeobjektive 
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12A uber je ein opdsches Faserkabel 24 A und samtliche Projektionsobjektive 12P uber 
je ein opdsches Faserkabel 24P an die CCD-Kamera 6 bzw. den Videoprojektor 2 
angeschlossen. Diese Mundsonde 45 erlaubt es, samtliche Teiiansichten 16 bis 21 
gleichzeidg mit dem Streifenmuster zu beleuchten und das reflekdene Streifenmuster 
5 aufzunehmen. 

Die in den Fig. 8 und 9 gezeigte Mundsonde 47 unterscheidei sich von der Mundsonde 
45 dadurch, dafi sie statt funf Aufnahmeopdken 12A und funf zugeordneten 
Projekdonsopdken 12P lediglich funf, vorzugsweise jedoch sechs oder sieben Objekdve 
10 12 aufweist, die ebenfalls mit gleichmaBigen Abstanden enUang einer Kreisbahn auf 
dem nicht drehbaren Ring 46 angeordnet sind. Ein hier lediglich angedeuteter opdscher 
Muldplexer 48 von prinzipiell gleichem Aufbau wie der vorgeschriebene Muldplexer 23 
verbindet jeweils zwei benachbarte Objekdve 12 uber die opdschen Faserkabel 24 A und 
24P mit der CCD-Kamera 6 bzw. dem Videoprojektor 2. In Fig, 8 dienen die zwei dem 
15 Handgriffteil 10 zugewandten Objekdve als Aufnahmeobjekdv 12A und 
Projektionsobjekdv 12P. Nach Drehung urn den Winkelbetrag 14 entgegen dem 
Uhrzeigersinn in die in Fig. 9 gezeigte Stellung verbindet der Muldplexer 48 das in der 
vorhergehenden Stellung zur Projekdon dienende Objekdv, das nun als 
Aufnahmeobjekdv 12A eingesetzt wird, mit dem benachbarten Objekdv, das in diese 
20 Stellung als Projekdonsobjekdv 12P dient. Durch weitere schrittweise Drehung jeweils 
um den Winkelbetrag 14 werden die verbleibenden Objekdve 12 jeweils paarweise zur 
Projekdon des Streifenmusters auf die verbleibenden Teiiansichten und zur Aufnahme 
der reflekderten Streifenmuster verwendet. Dabei sind ebenso wie bei dem Einsatz der 
vorbeschriebenen Mundsonden 1. 38 und 45 keinerlei Hilfsmittel, wie eiwa 
25 Kalibradonskorper, erforderlich, da samdiche Teiiansichten mit groBer Genauigkeit aus 
exakt definierten Posidonen der jeweiligen Mundsonde sowie der Aufnahmeobjekdve 
12A und Projekdonsobjektive 12P aufgenommen werden und somii zu einem absolut 
vermaBten 2D-Modell rechnerisch zusammengesetzl werden konnen. 
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Patentanspruche 



1. Verfahren zur dreidimensionalen optischen Vermessung^ypn Oberflachen bzw. 
Korpem, insbesondere von Zahnen oder Zahngruppen in der Mundhohle von Paiienten, 
wobei samdiche Teilansichten des zu vennessenden Korpers mil Hilfe wenigstens 



einer Lichtquelle ausgestrahlten) Lichl, insbesondere in Form eines Sireifenmusters, 
beleuchtet und die von den Teilansichten reflektierten Lichtmuster unter einem dem 
Abstand zwischen beiden Optiken entsprechenden Paiallaxwinkel aufgenommen sowie 
einem Bildsensor zugefuhrt werden, der die Lichtmuster in elektrische Datensignale 
umwandelt, die in einem Rechner zur Erstellung einer samtliche Teilansichten 
umfassenden bzw. den vermessenen Korper darstellenden Gesamtabbildung ausgewertet 
werden, 

dadurcb gekennzeichnet, 

dafl die Beleuchtung der einzelnen Teilansichten und die Aufnahme der jeweils 
reflektierten Lichtmuster durchgefuhrt wird: entweder nacheinander mitiels der 
wenigstens zwei Optiken, welche zu diesem Zweck innerhalb der Sonde 
aufeinanderfolgend in definierte den einzelnen Teilansichten zugeordnete Positionen 
verschoben werden, oder gleichzeitig oder nacheinander mit mehr als zwei Optiken, die 
innerhalb der Sonde ortsfest in defmierten,, den einzelnen Teilansichten jeweils 
zugeordneten Positionen angebrachi sind, 

wobei die Sonde in einer einzigen und damit bezuglich der gegenseitigen Zuordnung 
der einzelnen Teilansichten defmienen Posiuon gehalien wird. 

2. Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 

dafl das Prinzip der Triangulation angewendet wird, wobei mittelswenigstens einer 
Opdk ein Streifenmuster auf die einzelnen Teilansichten projiziert und mittels 
wenigstens einer anderen Optik das jeweils reflektierte, entsprechend der Topographic 
der jeweils vermessenen Teilansichi verformie Streifenmuster aufgenommen und als 
Grundlage zur Erzeugung der elekirischen Datensignale venvendet wird. 

3, Verfahren nach Anspruch 1 oder 2, 
dadurcb gekennzeichnet, 

dafi das Phasenshift-Prinzip angewendet wird, bei dem ein Streifenmuster mit einer 
durch eine Sinuskurve darstellbaren Helligkeitsverteilung mit jeweils verschobener 



zweier mit festgelegtem Abstand in einer Sonde einander zugeordneten Optiken mit von 
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Phase wenigstens dreimal auf jede Teilansicht projiziert und das reflektierte 
Streifenmuster aufgenommen wird. 



4. Vorrichtung zur Durchfuhrung des Verfahrens nach wenigstens einem der Anspriiche 
1*3, mit wenigstens einer Lichtquelle zum Emittieren von Licht, einer Sonde mit 
wenigstens zwei mit festgelegtem Abstand einander zugeordneten Opdken zum 
Beleuchten samtlicher Teilansichten des zu vermessenden Kdipers mit dem Licht, 
inbesondere in Fonn eines Streifenmusters, und zum Aufnehmen der von den 
Teilansichten reflektierten Lichtmuster unter einem dem Abstand zwischen den Optiken 
entsprechenden Parallaxwinkel, einem Bildsensor zum Umwandeln der reflektierten 
Lichtmuster in elektrische Datensignale und einem Rechner zum Auswenen der 
elektrischen Datensignale zwecks Erstellung einer samtliche Teilansichten umfassenden 
bzw. den vermessenden K6q>er darstellenden Gesamiabbbildung, 
dadurch gekennzeichnet, 

daB die Zahl der jeweils zwei mit festgelegtem Abstand einander paarweise 
zugeordneten Optiken (12A,12P) gleich der Anzahl der Teilansichten (16-21) und ihre 
Anordnung innerhalb der Sonde(45) ortsfest sowie gleich der gegenseitigen Anordnung 
der Teilansichten (16-21) ist, und daB die eine (12P)der jeweils zwei einander paarweise 
zugeordneten Optiken an die Lichtquelle (3) und die andere (12A) an den Bildsensor (6) 
angeschlossen ist (Fig.4) 



5. Vorrichtung zur Durchfuhrung des Verfahrens nach wenigstens einem der Anspriiche 
1-3, mit wenigstens einer Lichtquelle zum Emittieren von Licht, einer Sonde mit 
wenigstens zwei mit festgelegtem Abstand einander zugeordneten Optiken zum 
Beleuchten samtlicher Teilansichten des zu vermessenden Korpers mit dem Licht, 
inbesondere in Form eines Streifenmusters, und zum Aufnehmen der von den 
Teilansichten reflektierten Lichtmuster unter einem dem Abstand zwischen den Optiken 
entsprechenden Parallaxwinkel, einem Bildsensor zum Umwandeln der reflektierten 
Lichtmuster in elektrische Datensignale und einem Rechner zum Auswenen der 
elektrischen Datensignale zwecks Erstellung einer samtliche Teilansichten umfassenden 
bzw. den vermessenden Korper darstellenden Gesamiabbbildung, 
dadurcb gekennzeichnet, 

daB die Zahl der Optiken (12) gleich der Anzahl der Teilansichten (16-21) und ihre 
Anordnung innerhalb der Sonde (47) ortsfest und gleich der gegenseitigen Anordnung 
der Teilansichten (16-21) ist, und daB ein Multiplexer (48) zum paarweisen 
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gldchzeitigen AnschUefien jeweUs zweier OpUken (12) an die Lichtquelle p) bzw. an 
den Bildsensor (6) vorgesehen ist. (Fig. 8 und 9) 

6. Vorrichtung zur Durchfuhning des Veriahrens nach wenigstens einem der Anspriiche 
1-3, mit wenigstens einer LichtqueUe zum Emittieren von Licht, einer Sonde mit 
wenigstens zwd mit festgelegtem Abstand einander zugeordneten Optiken zum 
Beleuchten samUicher Teilansichten des zu vermessenden Korpers mit dem Licht, 
inbesondere in Form eines Streifenmusters, und zum Aufnehmen der von den 
Teilansichten reHektierten Lichtmuster unter einem dem Abstand zwischen den Optiken 
entsprechenden Parallaxwinkel, einem Bildsensor ziim Umwandeln der reflekuerten 
Lichtmuster in elektrische Daiensignale und einem Rechner zum Auswerten der 
elektrischen Datensignale zwecks Erstellung einer samUiche TeUansichten umfassenden 
bzw. den vermessenden Korper darstellenden Gesamtabbbildung, 
dadurch gekennzeichnet, 

daB die wenigstens zwei mit festgelegtem Abstand einander paarweise zugeordneten 
Optiken (12A,12P) in definierten. der Breite der Teilansichten (16-21) entsprechenden 
Schritten innerhalb der Sonde (1) enUang einer der gegenseitigen Anordnung der 
Teilansichten (16-21) zugeordneten Bahn verschiebbar und uber einen Multiplexer (23) 
an die Lichtquelle (3) bzw. an den Bildsensor (6) anschlieflbar sind. (Fig. 1,4-6) 

7. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 6 
dadurch gekennzeichnet, 

daU die OpUken (12;12A.12P) enUang einer Kreisbahn oder Zyiinderbahn angeordnet 
bzw. verschiebbar sind. 

8. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 7. 
dadurch gekennzeichnet, 

daU die Lichtquelle (3) und der Bildsensor (6) aufierhalb der Sonde (1,38.45,47) 
angeordnet sind. 

9. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 8, 
dadurch gekennzeichnet, 

daU zwischen der Lichtquelle (3)und der Sonde (1.38.45,47) ein LCD-Malrix- 
Lichtmodulator (5) zum Erzeugen eines Streifenmusters zur Projekiion auf die einzelnen 
Teilansichten (16-21) angeordnet ist. 



10. Vorrichtung nach Anspruch 8 oder 9, 
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dadurch gekennzeichnet, 

daO die Lichtquelle (3) in einem Videoprojektor (2) angeordnet isi. 

11. Vonichtung nach wenigsiens einem der Anspriiche 4 bis 10, 
5 dadurch gekennzeichnet, 

dafi der Multiplexer (23,48) ein optischer Multiplexer mit einer Umlenkprismen- 
und/oder Spiegelanordnung (29-31,33-35,44) ist. 

12. Vonichtung nach Anspruch 11, 
10 dadurch gekennzeichnet, 

dafi der optische Multiplexer (23,48) uber opdsche Faserkabel (24A,24P) an die 
Lichtquelle (3) bzw. den Bildsensor (6) angeschlossen ist. 

13. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 12, 
1 5 dadurch gekennzeichnet, 

daB der Bildsensor (6) eine CCD-Kamera isi. 

14. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 13, 
dadurch gekennzeichnet, 

20 daB die Sonde zur Projektion des Lichtes in und zur Aufnahme der reflektierten 
Streifenmuster aus einander entgegengesetzien Richiungen ausgebildet ist. 

15. Vorrichtung nach wenigstens einem der Anspriiche 4 bis 14 
dadurch gekennzeichnet, 

25 dafl der Rechner (7) Mittel zum Umrechnen der elektrischen Dalensignale in 
Koordinaten umfaBt. 

16. Vorrichtung nach Anspruch 15, 
dadurch gekennzeichnet, 

30 daB die Koordinaten Kugelkoordinaten sind. 

17. Vorrichtung nach Anspruch 15, 
dadurch gekennzeichnet, 

daB die Koordinaten Zylinderkoordinaten sind. 
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18. Vorrichtung nach wenigstens einem der Anspriiche 15 bis 17, 
dadurch gekennzeichnet. 
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daB der Rechner (7) einen Matrixspeicher zur Speichening der Koordinaten umfaBi. 

19- Vorrichiung nach wenigstens einem der Anspruche 4j)is 18, 
dadurch gekennzeichnet, 

daB die Lichtquelle (3) eine Farblichtquelle ist oder daB ihr wenigstens ein Farbfilter (4) 
nachgeschaltet ist. 
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10 An Apparatus for Contact-Free Measurement 

of a Three-Dimensional Object 



15 The invention relates to an apparatus for the contact-free measurement of a 
poorly accessible, three-dimensional object, optically, by taking surface 
photographs, having an optic ray source, a recording unit for recording optic 
rays and an evaluation unit for the evaluation of data transmitted by the optic 
rays. 

20 

A method is known of measuring objects mechanically in the conventional way and 
also of measuring them optically, e.g. by taking 3-D photographs. With this 
method, in order to spatially determine the object, the light section method and 
the stereo recording method are known, amongst others. Measurements taken using 
25 optic apparatus of this kind is problematic because the object to be measured 
must be sufficiently optically accessible, i.e. the surfaces which are to be 
measured must be directly visible. 

However, a number of instances arise where access to the object to be measured 
30 is so poor that direct visibility of the object, at least from the angle of view 
required for the measurement to be taken, is not possible. This is most 
frequently the case due to the spatial limitations for the measuring apparatus, 
and so in other words the space around the object to be measured is so small that 
neither the measuring apparatus nor a sufficiently large optical instrument with 
35 deflector mirrors ar.z the like for taking the measurements is able to be placed 
in position or accommodated. 

Such an example is in dentistry where a set of teeth has to be measured for jaw- 
orthopaedic purposes, e.g. if gaps between teeth have to be corrected by the use 
'40 of the "Edge-Wise-Wire Spring-Technique". With this technique, clamping elements 
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(known as brackets) are fixed to the teeth to which elements a wire spring is 
fixed. This is shaped in such a way that it applies the necessary forces and 
moments to the teeth for correction in the necessfiry way. To adjust the correct 
forces and moments, the wire spring has to be correctly set, and a specially made 
wire spring has to be made for each individual patient when that patient is 
treated. In this respect, a proposal has already been made to use computer 
controlled bending machines to produce the correctly shaped wire springs. To 
this end, at least the spatial coordinates of the bracket must be accurately 
known. Also, it would be helpful if the person treating the patient were to have 
exact data relating to the chewing surfaces, for the aim of correcting the teeth 
is to produce positioning of the teeth where the chewing surfaces of the 
corresponding teeth of the upper and lower jaw are correct relative to each 
other. 

The aim of the invention is therefore to create a measuring apparatus of the kind 
mentioned in the introduction which permits the accurate spatial measurements 
of objects in contact-free manner in confined spaces and for the measurement 
result data to be recorded. 

This problem is solved according to the invention in that 

a) a carrier is movable on at least one guide device relative to the object 
on a guide track opposite the frame; 

b) the carrier on the guide device (s) is able to travel by means of at least 
one actuator. 

c) at least one deflector device is fixed to the carrier in such a way that 
an optic ray reflected by the object is deflected towards the recording 
unit; 

d) the position and orientation of the frame relative to the object is 
clearly defined at every relevant moment during the recording operation; 

e) the position and orientation of the carrier relative to the frame is 
clearly defined at every relevant moment during the recording operation; 

f) the evaluation unit has devices for storing data relating to the rays 
reflected by the object in the form of image elements and/or image lines 
and/or image planes; and 

g) the evaluation unit has devices for processing the stored image data, 

A small space is nearly always present next to the object to be measured, at a 
spacing from the surfaces of the object, this space being visible from the 
outside through an opening. If a deflector device is provided in this space for 



rays which are reflected on the object, then it is possible for these rays to 
be deflected towards a recording unit and to be held there. Hitherto, the 
problem has existed whereby it has not been possible to completely project and/or 
cover the object in one single mirror, and this has meant that not even special 
optical methods have been used for spatial measurements to be taken. This 
problem is overcome by the invention in that a carrier is used which is movable 
relative to the object and on which a deflector device is fixed which deflects 
the rays towards a recording unit where the data is stored and can be evaluated 
to produce the required spatial data. With this method, however, it is also 
necessary for the place of the deflector device to be exactly known in relation 
to the object at every moment during the measuring operation and in every 
position of the carrier. To this end, it is possible to use per se known 
measuring instruments or to solve the task constructively. 

The movable carrier is guided with precision according to the invention, and it 
carriers a fixedly adjusted or adjustable deflector device. The apparatus can 
be used to carry out different measuring methods, wherein the ray source is 
usually a light source for visible light, and in a special case, to be described 
hereinafter, it is even possible to use a ray source which illuminates the object 
generally from the outside. 

The invention is based on the idea that owing to the spatial conditions next to 
the object the deflector device may only be able to contain, and may only 
contain, a part of the object to be measured, and travels by the movement of the 
carrier, in single steps or continuously, over the surface of the object to be 
measured in such a way that a plurality of partial regions is scanned and 
measured, resulting in partial data or partial images which can then easily be 
put together, and from which it is possible to build up a spatial picture of the 
object, if necessary. When this is done, care must be taken to ensure that the 
position of the guide device relative to the object to be measured is always 
known. It is possible to provide a rigid coupling or a fixed connection. 
However, che coupling can also be in the form of a positive juxtaposition or 
direct connection. It is simply the location of the carrier over its guide unit 
relative to the object which is to be measurable or known. 

The evaluation unit, together with the features according to the invention, is 
in a position to s;:ore the data or partial images completely and to use the 
capacity of the deflector device to define the location of the object (using the 
afore-mentioned measuring devices) to subsequently evaluate the data or partial 
images. It is also possible to make an initial evaluation of the information 



or data directly as it has been recorded in order to reduce the amount of data 
for storage. 

By virtue of the defined movement of the deflector device over an object which 
is to be measured it is advantageously not necessary to measure the entire length 
which is to be measured of the object as a whole, since the carrier is able to 
travel over the length of the object and take successive measurements of the 
partial regions. The same is applicable with respect to the width to be 
measured, the whole of which does not have to be calculated in one single 
measurement. Instead, smaller segments of the object can be recorded here which 
are then put together to form an overall picture when an overall picture is 
required. 

Depending on the application, it is possible to arrange the recording unit(s) 
and/or the ray source (s ) , if these latter is/are needed to produce directed rays, 
so that they are immovable, thus not so that they travel on the carrier. This 
variant is clearly encompassed by the invention, despite the fact that the 
description of preferred embodiments is based on an instance of application where 
the recording unit and ray source travel together. 

Since the apparatus according to the invention is designed for measuring the 
surface of the object (i.e. for two-dimensional measuring), even with so-called 
3D-measuring where two (or more) surface photographs have to be taken, which can 
be evaluated together, it is possible to proceed with the surface measurement 
aijanfi of a poorly accessible object. 

The position and orientation of the frame can be clearly defined relative to the 
object 

. by a rigid coupling between the object and frame, or 

. by avoiding relative movements between the object and the frame, or 

. by knowing the movements of the object relative to the frame, or 

. by measuring devices for defining the position and direction of the frame 

relative to the object. 

The position and orientation of the carrier with respect to the frame is defined 
. by clearly controlling the actuatorfs). or 

. by measuring devices for accurately defining the position and orientation of 
the carrier with respect to the frame. These kinds of measuring devices may have 
a measuring system, for example, which is integrated into a servomotor, wherein 
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the actuator can be a motor, e.g. a rotary or linear, electric, pneximatic, 
hydraulic motor, e.g. a linear stepped motor. 

If the stored image data is processed by the evaluation unit, the data relating 
5 to the position and orientation of the deflector device over the passage of time 
is assessed relative to the object. This position is formed on the basis of 
position and orientation data for the frame in relation to the object and of the 
position and orientation of the carrier in relation to the frame. In this 
respect, data relating to the surface photograph of the, at least one, image of 
10 the object is prepared which results from the optic rays reflected by the object 
when the deflector unit moves relative to the object. 

Linear or rotary sensors can be used for the measuring devices for defining the 
position of the carrier and of the moved (oscillating or rotating) mirrors, if 

15 their position is known by a control path. According to the invention it is also 
expedient if the guide track is a straight linear guide, prevented from rotating, 
and if the carrier is designed as a linear carriage. This gives particularly 
simple driving and measuring conditions. As an alternative, and according to 
Che invention, it is, however, also possible to design the guide track so that 

20 it is circular, and to design the carrier as a hinged door. 

One particular embodiment produces a light spot by the use of the directed beam: 
this is an instance of light spot projection; another method correspondingly 
produces a line: this is the light section method; and another embodiment 
25 produces surface images: this is the stereo-recording-method. 

In the case of light spot projection it is advantageous if the optic ray is 
pivotable in oscillating manner in at least one plane for the purpose of scanning 
the spot. For this it is necessary to use a ray source which can emit directed 

50 optic rays. This ray source, like the recording unit, is preferably fixed to 
the carrier at a spacing from the deflector device. However, it is also possible 
to arrange the ray source and also the recording unit in a stationary position 
outside the carrier. The optic ray will usually be a light ray, and the ray 
source will usually be a light source. According to the invention, it is 

35 'Jesigned such chat c straight ray is produced by means of ■.-.hich a light spot is 
copied on the object. 5y using a camera on the recording unit which is disposed 
at a specific distance away from the ray source, this spot is measured on the 
■.'image plane Since it is able to pivot, the ray can scan the surface of the 
object line by line, for it oscillates in line direction, for example. If 

40 .-ovement of the carrier is step-wise, -.hen the first scanning operation takes 
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place in the first line, and the next scanning operation takes place in the next 
line, since the carrier advances by one line, and so on and so forth until all 

.lines have been passed through, so that even gap-wise spots are produced. By:- 

way of this light spot projection it is thus possible to use the apparatus 
5 according to the invention for the purpose of processing surfaces of objects 
which have been scanned line by line and column by column for the purpose of 
calculating the spatial coordinates of the illuminated spot of the object. 
Therein, it is important to determine and evaluate the following: 

10 1. the known angle of the projecting optic ray towards the camera, 
.2. the distance between the ray source and camera, and 

3. the angle, measured by evaluation of the photograph taken, between the 
projected spot and the ray source. 

15 In this way. it is possible to scan the entire surface of the object to be 
measured by the ray in line by line and column by column fashion. 

Another advantageous embodiment of the invention provides for at least one other 
deflector unit to be provided for the purpose of oscillatingly deflecting the 

20 — optic ray which is reflected by the object into another spatial direction and 
for projecting same into the recording unit. It is thus possible, by using one 
spot recording unit for each position and orientation of the first deflector 
unit, to record image data line by line. This linear recording unit allows 
surface image data to be received for each position and orientation of the first 

25 deflector unit. 

It is also advantageous according to the invention if a revolving mirror is 
provided for the purpose of deflecting the optic ray reflected by the object and 
if the revolving mirror is fixed to the carrier in such a way that the axis of 

30 rotation of the revolving mirror is orthogonal (perpendicular) to the direction 
of movement of the carrier. The mirrors can be used to project an optic ray of 
very low divergency and small diameter onto the object, and if a revolving mirror 
is interposed, which preferably has a plurality of mirror planes arranged at 
angles to one another, then it is possible to arrange these mirror surfaces in 

35 such a way that the optic ray passes over the entire width of the object to be 
measured. Therein, it is expedient if the revolving mirror is driven by means 
of a step motor or a ser\'omotor in such a way that the current angular position 
of the revolting mirror is present in the form of measured data. Therefore, the 
line position of the scanning operation of the surface of the object is also 

^0 known . 



It is also possible to use other drives for the revolving mirrors if only the 
angular position is known which can be determined functionally with a pawl drive 
or by way of a suitable sensor, e.g. a rotor. 

As an alternative, the rotary movement of the revolving mirror can also be 
produced by mechanical coupling with the movement of the carrier. A coupling 
of this kind can be realised by an immovable toothed rod arranged on the carrier 
guide, into which rod a toothed wheel mounted in the carrier engages which drives 
the revolving mirror by way of a gear system. 

CCD-surface-chips or CCD-line-chips can also be used as a recording units. 
Instead of using a revolving mirror, as mentioned hereinabove, it is also 
possible, with another embodiment, to operate with a surface chip, wherein it 
is then no longer necessary to know the angular position of the revolving mirror 
since this is only used for lateral deflection of the illuminating ray and this 
deflection can be seen on the chip. 

As an alternative to the afore-described revolving mirror it is also possible 
to use an oscillating mirror. 

For the spatial measurement of three-dimensional measurement it is particularly 
expedient according to the invention if 

a) at least one deflector device is provided for at least two rays reflected 
by the object at an angle relative to each other, 

b) at least one recording unit is provided which transmits the data from the, 
at least two, separate rays to the evaluation unit, and 

c) the evaluation unit has devices for forming 3D-data from at least two 
surface photographs. 

If only one recording unit is present, it may be possible for the deflector 
device to be pivotable so that the rays which are reflected by the object at an 
angle to each other are deflected over the passage of time in succession towards 
the recording unit. 

According to the invention it can also be very advantageous, if only one 
recording unit is present. For it to be movably adjustable in height and/or 
angularly. It is then possible for "he device to be brought into the correct 
position so that the ray which is desired and which is projected by the deflector 
device can be photographed. 
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3D-data can be obtained in two ways: 

by taking a second plan view at a different angle. The two plan views 
resulting can be produced both simultaneously and successively (or 
5 intermittently). ...i:'-? 

In the case of non-simultaneous recording, the deflector optical 
instrument can be pivoted after the first measurement journey," for 

example, through the necessary angle, so that only one mirror surface is 

I- 

10 necessary. 

As an alternative, it is possible to use the deflector device with two 
mirrors, and to move the recording unit in height. One recording unit 
with one line chip is sufficient in this case. 

15 

With another embodiment it is possible to pivot the one recording unit in such 
a way that the rays fall on the mirror at different angles, or so that the 
illuminating ray is reflected at a different angle from the ray which is 
reflected by the surface. Only one mirror surface is then needed. This will 
20 be explained hereinafter in conjunction with Figure 5. 

With another embodiment, it is possible to provide the deflector unit with four 
plane mirrors, and to use one line camera which can be moved in four different 
positions of height. 

25 

For the light section method, a ray of light can be provided which extends in. 
a plane, and which, after being linearly reflected on the object, is directed 
by way of at least one plane mirror fixed to the carrier into the recording unit 
which has a surface camera. This avoids the oscillating pivoting movement of 

30 the optic ray and thus "starting" of the line by the ray. By virtue of the ray 
extending in the plane of the line, from the viewpoint of the ray source a thin, 
straight line can be projected onto the object. When the location of the camera, 
preferably a surface camera, is disposed outside the plane of extent of the ray. 
the spatial coordinates can be defined for each of the spots illuminated by the 

35 line - c.hus for an entire line - in -he same way as described hereinabove for 
the light spot projection method. 



When the li^ht section method is used and the apparatus with the spread optic 
ray, preferably a light ray, all spots can be measured which are optically 



accessible to the relevant ray paths. Thus, a large amount of data is available 
for evaluation. 

With the light section method, a straight line is projected onto the surface of 
the object, this line appearing to be curved to varying extents when viewed from 
the recording unit (depending on the height differences of the surface). 
Accordingly, with the spot projection method, the extent of deflection of the 
spot when viewed from the recording unit varies. 

When a single deflector unit is used (i.e. no separate travelling capacity) for 
directed illumination and recording, the mirror surface for the receiving rays 
is advantageously selected so that it great enough (high enough) for the 
deflection produced of the line or spot to be completely visible. 

If, due to the difference in heights of the surface to be measured, this 
deflection is very great, and therefore if the height of the deflecting mirror 
is too great, it is possible to design the two deflector units so that they are 
able to travel separately for directed illumination and recording. When this 
happens, the deflector unit for illumination would travel in special small step 
movements, and whenever that unit is in a new position, the deflector unit would 
travel through one such path for recording purposes (once again in single steps) , 
so that the whole of. the surface required is covered. On the one hand, the 
recording unit is able to be designed as a line camera, and on the other hand, 
the height of the recording mirror can be reduced. 

According to the invention it is advantageous if a device is provided for 
designing the optic rays which are directed from the, at least one, ray source, 
towards the object, for the production of additional data during evaluation of 
the photographs. This means that the rays can contain a dot-like and/or linear 
and/or a design corresponding to any pattern. 

Expediently, according to the invention, another deflector unit is also provided 
for deflecting the optic ray in at least one plane. 

Usually, it is possible for the directed illumination and for the recording unit 
to individually use a moving deflector device (which is rotating, movable in 
translatory fashion, or freely kinematic) to extend or scan the ray- path with 
the passage of time in step-wise manner or continuously about another spatial 

r 

coordinate (dimension). It is thus possible, for example, to use an oscillating 
mirror with a spot ray source to scan a line or accordingly to use a recording 
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unit to record a line for just one spot (e.g. a photodiode) . This can be done 
from the spot to the line just as from the line to the surface. It is simply 
important that the position and orientation of the recording unit is defined 
relative to the respective relevant moment in time. By combining two deflector > 
5 units, provided that their axes of freedom are not linearly dependent on one 
another, one single spot can be projected onto a surface. 

If a reduction of the data detection and evaluation operations is desirable, and 
if it is sufficient to detect a surface of an object according to only a rough 

10 pattern where only striking spots on a surface of an object are measured, then 
it is possible to use the stereo image method. For this, at least two partial 
images are produced. By way of example, the deflector device can be provided 
for at least two rays which are reflected by the object and oriented towards the 
object at an angle relative to one another, and the recording unit has devices 

15 for separately storing and evaluating the, at least two, partial images which 
are produced from the two separate rays. For the stereo recording method, it 
is not absolutely necessary to produce a directed optic ray of low divergency 
and to guide it to the object. Instead, it can be sufficient to illuminate the 
object sufficiently by general light. In this respect, when we speak of a ray 

20 being directed towards the object, this represents only one of any number of rays 
illuminating the object, namely the ray which leads to the ray which when viewed 
accordingly is reflected by the object. All these rays which are oriented 
towards the object (whereby the surface of the object is lightened) then result 
in a plurality of rays reflected by the object and which result overall in a 

25 partial image. To better describe and comprehend the invention it will be 
assumed that the one partial image is produced by one specific average ray which 
is in a first angular position relative to the object; and the second partial 
image is produced by a specific second ray which is at a second angular position 
relative to the object, wherein the two specific rays are oriented at an angle 

30 relative to each other. In other words, the deflector device in the .recording 
optical instrument produces a plan view, so to speak, of the object, whilst, on 
the other hand an oblique view of the object is produced. Therein, the plan view 
is merely a special case. Tlie only thing of importance is that two different 
oblique views are given. in the recording unit both plan views, i.e. both 

35 partial images, are recorded. For example, che spots of these partial images 
are mapped out onto a CCD-surface chip by means of a camera lens, so that 
electronic data is available separately for each partial image. Thi-s data can 
then be stored and evaluated in such a way that the spatial data can be called 
up. The partial images which are taken and stored can be put together to give 

^0 two different complete images for the two different views. These may correspond. 
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for example, to the plan view and the oblique view. The method is known of 
setting up the height coordinates of the respective points from the various 
coordinates of the striking spots of the plan view and oblique view which are 
detected. 

Instead of using one single CCD-surface chip, the recording unit can also have 
two line chips and the carrier can accordingly travel in small steps. Therein, 
the object or the partial image of it can either be projected by means of one 
single lens onto two juxtaposed line chips, or by means of two separate lenses 
with the compulsory use of a ray distributor, onto the two line chips to be 
arranged in spatially separated manner. 

When two separate recording units are used it is possible to arrange the two 
units at an angle relative to each other in such a way that one single plane 
mirror in the deflector device is sufficient. 

To record image data, CCD cameras (line cameras and surface cameras) and also 
tube cameras and cameras, can be used which operate with film material, and in 
the latter case the required evaluation of the partial images taken can be more 
tedious. Instead of a CCD-line camera it is also possible to use a light- 
sensitive element to record one single spot, e.g. a photo diode if a mechanical 
line scanning operation is to be performed, e.g. by means of a rotating or 
oscillating mirror. 

By virtue of the afore-described measuring- and evaluating devices with the 
apparatus according to the invention for carrying out the stereo-image method 
it is possible to measure particularly striking features on the surface of an 
object - in the case of dentistry, for example, to measure the spots on clamping 
elements for jaw orthopaedics. 

Therein, it is particularly advantageous if a screen is arranged between the ray 
source and the object. By way of example, this can be a screened grid or any 
other screening surface such as a glass sheet, for example, with a pattern etched 
thereon. Therefore, a pattern can advantageously be projected onto the surface 
of the object so that c.^e number of the spots to be measured can be increased 
in correspondency with the fineness of the grid. 

When statically oriented illumination is used, spot patterns, patterned surfaces 
etc. produce striking spots. Tlie projection of transverse lines (i.e. vertical 
to the direction of travel) permits a height profile to be plotted along each 



line, if the angle of the recording ray is different from the angle of 
projection. This height profile is very useful in measuring the chewing surfaces 
in dentistry. 

The 3D-data is obtained by projecting spots or lines or also patterns onto the 
surface of an object at a different angle, namely when using a displaced 
illumination. The projection of spots or lines is a separate operation and in 
no way has to be done by a deflector optical instrument arremged on the carrier. 
Likewise, a second carrier is conceivable which carries the deflector optical 
instrument for projection. 

If, for example, a human set of teeth is to be measured for jaw orthopaedic 
purposes, it is sufficiently firstly to measure some striking spots (the brackets 
in this case) - for which the stereo image method is suitable - and secondly to 
obtain quite a rough line screen for the surface (in this case the chewing 
surfaces of the teeth), for which the light section method is suitable. If a 
combination of the light section method and stereo-image method is desirable, 
then it is particularly advantageous if the apparatus according to the invention 
is characterised in that arranged adjacent to the ray source for the production 
of an optic ray which extends in one plane is a recording unit which has a 
surface camera, and that at a spacing therefrom a deflector device is arranged 
which is fixed to the carrier, and which is provided for at least two rays which 
are disposed at an angle relative to each other, which are directed towards the 
object and which are reflected by the object- With this embodiment, the two 
partial images first of all have to be produced over the entire length of the 
object, and in addition data is obtained by travel over the thin line and 
measuring and evaluation thereof, this line being projected onto the object by 
the light section method. 

Another embodiment of the invention is characterised by a deflector device, fixed 
to another carrier, which is provided for the purpose of directing the optic ray 
towards the object, wherein this further carrier is able to travel separately 
on a further track. There is therefore a first carrier for the ray source and 
another carrier for the deflector device, and each carrier is able to travel 
separately on one specific track. It is oossible to provide a separate carrier 
both for the illuminating side and also for the recording side. 

Another preferred embodiment of the apparatus according to the invention has a 
deflector device for directing the optic ray towards the object, wherein this 
deflector device is fixed to the carrier for the recording deflector unit, and 



is able to travel jointly therewith. Therefore a separate carrier with drive 
etc. is provided with this embodiment for each unit. As an alternative, it is 
possible to direct the optic ray towards the object directly by means of the 
recording deflector unit, instead of by its own deflector device. 

Furthermore, it is expedient according to the invention if a revolving mirror 
is fixed to the carrier in such a way that the axis of rotation of the revolving 
mirror is disposed so that it is orthogonal to the direction of movement of the 
carrier. Therein, care should be taken to ensure that the revolving mirror is 
characterised by rotary movement. Movement of this kind presupposes a continuous 
or intermittent rotating movement advancing in one direction, or an oscillating 
rotating movement in opposite directions. The mirror is obviously responsible 
for deflecting the optic ray. Therein, the revolving mirror can be fixed to the 
common carrier for the illuminating side, on the one hand, and for the reflecting 
side, on the other hand. The revolving mirror is preferably used both to deflect 
the projected ray and also to deflect the ray used for recording purposes. 

The invention is also advantageously designed in such a way that the ray source 
has devices for the production of an optic ray which extends in a plane, and if 
the deflector device for directing the linear ray reflected on the object is 
formed in a recording unit which has a surface camera. 

A description has already been given of an embodiment with which the deflector 
device has at least one plane mirror fixed to the carrier. However, as an 
alternative, it is particularly expedient, if. according to the invention, the 
deflector device has two plane mirrors fixed to the carrier at different angles. 
A deflector device of this kind can be spatially compact, defined by the carrier 
and moved easily. 

As an alternative, with other embodiments, it can also be expedient if according 
to the invention the direction of the ray of the optic source is fixed at an 
angle relative to the optical axis of the recording unit, wherein preferably the 
deflector device has a plane mirror which is fixed to the carrier. If the 
spatial conditions allow this arrangement to be selected, then the necessary 
angle is produced between the ray from the optical source and the recording axis 
of the camera directly and automatically, and both the projection of the ray onto 
the object and also recording the projected line can be carried out by one and 
the same plane mirror. 



It is also favourable, if, according to the invention, the evaluation unit has 
devices for forming 3D-data on the basis of the rays which illuminate the object. 

With a special instance of application of the measuring apparatus according to 
5 the invention for measuring a set of teeth, by using twice the number of active 
elements within the deflector device it is possible to measure the upper and 
lower jaws simultaneously. If necessary, the ray sources and recording units 
must then also be doubled in number. 

10 It is particularly favourable according to the invention to use the apparatus 
of the embodiments described hereinabove to measure, in contact- free manner, at 
least one tooth of a set of teeth and/or the position and/or shape of at least 
one clamping element arranged on the tooth for orthodontal wires, known as 
brackets. The above-described measuring device according to the invention, on 

15 application of the stereo-image method, produces pictures of the object from 
different viewpoints. By measuring the striking spots in both viewpoints it is 
possible to determine the spatial coordinates of these spots. 

In order to facilitate this measuring operation for the person using the 

20 apparatus, e.g. an assistant in a dental laboratory, or even to be able to detect 
the spots by the use of automated equipment, it is possible to place markings 
on the clamping elements, known as brackets, with which the wire springs are 
held, for jaw orthopaedic treatment, and/or to select their shape in such a way 
that automated detection is possible. These markings may, for example, be 

25 imprinted, etched, embedded or provided in relief. To more easily identify the 
clamping elements (brackets) it is also possible to operate with coloured 
markings. With one advantageous further embodiment of the invention, it is air- 
provided that an auxiliary measuring element of suitable size and provided wii 
suitable surfaces is inserted into the central groove of the clamping elemeni 

30 By using the clamping elements which usually have a central groove extending ; 
the direction of the row of teeth, the afore-mentioned wire spring is held : 
place. It is now possible to move the wire spring to a limited extent by banc 
and with a high degree of skill on the part of the person using the device. I 
correctly shaping the wire spring, the desirable forces and moments are applic 

55 -o the holding elements and thus to the teeth. If it is desirable to compensat 
for the restricted possibilities of n^anually bending the wire spring, then it 
is possible to use wires of different cross-section so that the order of 
magnitude of, the fcrces is produced by the inherent rigidity of the wire. The 
cross-section of the central groove (recording axes) in the clamping element thus 

'40 corresponds to the cross-section of the largest wire which is to be used. Two 
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cus ternary sizes for the height of the groove are 0.4? mm and 0,56 mm and for the 
depth of the groove. O.76 mm. The afore-described apparatus according to the 
invention for optically measuring jaw orthopaedic wire clamping elements permits 
the use of a computer-controlled bending- or twisting machine to adapt the wire 
5 spring to suit the set of teeth of the patient in question. When an apparatus 
of this kind is used in conjunction with the afore-described optic measurement 
of the clamping elements, both their position and also the relaxed shape of the 
wire spring to be used is known. This means that on the basis of the calculation 
method known in statistics it is possible to make an accurate initial 

10 determination or selection of the forces and moments which act upon the clamping 
elements due to elastic deformation of the wire spring used. In the knowledge 
of the invention, it is therefore no longer necessary to provide different cross- 
sections for the wire springs, and so it is no longer necessary to store and 
handle wire springs of different cross-sections. The square cross-section of 

15 0.4lmmx0.4lmm which is used, amongst others, is sufficient to be able to 
apply the necessary forces and moments with a wire spring which can be adapted 
accurately by using the apparatus according to the invention. 

It therefore makes sense to use clamping elements wherein the central groove is 
20 adapted to suit wires of relatively small cross-section. In the above-mentioned 
example, this would be a groove of 0.43 mm x 0.43 mm. This small groove would 
reduce the size of the clamping element, the bracket, in particular, becoming 
flatter which would increase user comfort. 

25 The wire clamping elements used hitherto in jaw orthopaedics are usually not 
suitable enough for simple or automated optic measuring. In this case, it makes 
sense to insert the afore-raentioned auxiliary measuring elements into the 
clamping elements (brackets) for measuring purposes, instead of the wire spring, 
the shape and design of the auxiliary measuring elements permitting proper 

30 i\ientification. 

Tlie carrier of the measuring apparatus according to the invention is preferably 
driven by a step motor or a servo motor, but it can also be drive, in the manner 
of a film projector, by way of a Maltese cross or a simple pawl mechanism. It 
35 is also possible zz use a drive in ccnjunccion with a path measuring system so 
ciiat the current location of the carrier is able to be detected. 




If the carrjLer is driven in step-wise manner, then it is supposed that the 
smaller the steps from one recording position to the next, the smaller the region 
40 of the object to be detected, and thus the smaller the necessary height of the 



deflector mirror, which can reduce the necessary structural height of the 
measuring apparatus. This reduction is restricted, since when the deflector 
mirror is very much reduced in size, the slit diaphragm phenomenon is produced 
with the result that the necessary illumination intensity increases. The length 
of the method is preferably adapted to suit possible definition of a li^t- 
sensitive surface in the recording unit. When a CDD-camera is used it makes 
sense to design the steps of the method in such a way that one step on the image 
plane corresponds to the spacing between lines of the chip, so that only one chip 
line is evaluated for each mirror view. In practice, the steps of movement for 
the carrier are expediently in the range of 1/100 to 1 mm. In jaw orthopaedics, 
a length of 1/10 mm is preferable. 

Further features, advantages and possible applications of the present invention 
will emerge from the following description of preferred embodiments, given in 
conjunction with the accompanying drawings, wherein: 

Figure 1 is an illustration of a first embodiment of the measuring apparatus 
with carrier and with a deflector device fixed thereto, on the one 
hand, and with a recording unit, on the other hand. 

Figure 2 is the same apparatus as in Figure 1, but illustrating, in addition, 
the means for plotting a pattern. 



Figure 2a is a similar view to Figure 1, but with other means being provided 
for plotting a pattern on the surface of the object which are 
different from those in Figure 2, 

i 

Figure 3 is a similar illustration of the measuring apparatus as in Figure 
1, wherein, however, a revolving mirror and ray source with a 
recording unit for performing the light spot projection method are 
arranged. 

Figure 4 is an illustration of another embodiment of the measuring apparatus 
for carrying out the light section method. 

Figure ^a is the same apparatus as that in Figure 4. but in the main showing 
Che main parts in a perspective view {omitting the carriier) , 

Figure 5 is another embodiment of the measuring apparatus with a simplified 
deflector device and ray directions arranged at angles to one 



another from the ray source, on the one hand, and towards the 
recording unit, on the other hand. 



Figure 6 is a similar illustration as in the preceding drawings, but of 
another embodiment with the combined stereo-image and light section 
method. 

Figure 7 is another embodiment of the measuring apparatus with twice the 
measuring range. 

Figure 8 is a perspective view of three teeth of a set of teeth with clamping 
elements (brackets) which are stuck to the outer surface. 

Figure 8a is a view in perspective of a clamping element on a tooth with the 
mefiisures shown in perspective. 

Figure 8b is a view of the clamping element in the direction of the set of 
teeth, with dimensions given. 

Figure 9 is a view in perspective of a clamping element with an inserted 
auxiliary measuring element. 

Figure 9a is a view in perspective of a clamping element of a different shape 
and with an auxiliary measuring element inserted therein, and 



Figures are further embodiments where the carrier makes revolving 
10 and 10a movements. 

The measuring apparatus shown in Figure 1 is shown only schematically and without 
the parts of the apparatus which are obvious and known, for the sake of 
simplifying the description and for the sake of providing a better understanding. 
Mounted to a frame 1 by way of a ball-bearing 2 is a carrier 4 which travels in 
a straight line along the two-directional arrow 3. and the carrier is movably 
mounted to a shaft 5- This latter is driven by a motor 7 (a step motor or a 
ser\*oraotor) , also fixed to the frame 1, by means of a toothed belt 6 and a 
spindle nut. generally denoted by the reference numeral 8, with a belt pulley. 
The reference numeral 7* is used to denote an integrated measuring system which 
may be provided for the motor 7- 



The object 9 is here illustrated as a surface with three-dimensional extents 
which is joined to the frame 1, e.g. the object could be the set of teeth in a 
human mouth. The carrier 4 extends a short spacing away from the object 9 ^ 
the direction of the mouth opening, and it is easy to imagine that the carrier 
5 can be accommodated inside the mouth cavity with its fitments in the region of 
the object 9- Disposed in this region are two plane mirrors 12 and 13 which are 
set at different angles to each other and to the object 9. and at the other end 
of the elongate carrier 4. thus outside the mouth cavity, the recording device 
is fixed to the carrier, in the present case this recording device being a camera 
10 lens 10 with a CCD-surface chip 11. 

As far as these parts are concerned, the embodiments of the measuring apparatus 
according to Figure 2 and Figure 2a are identical in design, and so identical 
pfiirts are not numbered. 

15 

In Figure 2, a special feature is provided by a ray source l4 which is fixed to 
the frame 1 and which with the embodiment shown in Figure 1 and like embodiments 
is a ray source for the production of a "general brightness", since in the 
embodiment in Figure 1 it is sufficient for the surface of the object 9 to be' 

20 light and for reflected rays to be emitted. On the other hand, with the other 
embodiments shown, such as in Figure 2, the ray source l4 is shown separately 
as one which produces directed rays. In Figure 2, this ray is shown as a broken 
line, and is denoted by the reference numeral 15 . The actual embodiments 
described here are concerned with light rays from the visible area. (As an 

25 alternative, it is also possible to imagine infra-red- or ultra-violet rays with 
appropriate transmission- and receiving devices). The ray source l4 contains 
a lens system, not shown in greater detail, and between this and another lens 
system l6 is a grid 17 or a grid system which is arranged in such a way that it 
is projected onto the surface of the object 9 in order to produce striking spots 

10 on the surface. This grid 17 can also be a glass panel with etched patterns. 

Figure 2a shows another similar alterative embodiment, wherein the grid 17 is 
fixed to the frame 1 directly by zhe surface of the object 9. so that an 
appropriate optical instrument can be used to throw a shaded pattern onto the 
35 surface of the object. 

As in Figure 3a, the arrow 3 is to be imagined as passing along an X-axis. An 
imaginary Y-axis extends vertically the X-axis and vertically to the drawing 

r 

plane. 
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When the surface of the object 9 is illuminated appropriately, reflected rays 
are produced and are guided to the recording unit 10, 11. By way of example, 
the reflected ray l8 extends (in the plan view) vertically to a main surface 
disposed in an X-Y-plane onto the outer plane mirror 12 where it is deflected 
5 and is guided in the form of a reflected ray 18' into the lens 10 and is suitably 
mapped on the surface chip 11. This produces a first partial image. Another 
reflected ray 19 is representative of the other reflected rays for producing 
another partial image, this other reflected ray being oriented towards the plane 
mirror 13 and there being guided, after deflection, in the form of a ray 19*Jto 

10 the camera lens 10. The ray l8' forms a plan view in the recording unit lO,"!!, 
and the other mirror 13 produces an oblique view by the reflected ray 19'* By . 
electronically processing the output signal of the chip 11, not described here 
in greater detail, it is possible to store and evaluate the two partial images 
separately. In addition, the afore-described drive of the carrier 4 makes it 

15 possible to know the exact location of the carrier and thus that of the deflector 
device 12, 13 relative to the object 9- The partial images which are recorded 
and stored are put together to form two complete images which correspond to the 
images of the plan view and of the oblique view. As already stated hereinabove, 
the different coordinates of the striking spots in both views make it possible 

20 to calculate the height coordinates. The carrier ^ is preferably displaced in 
small steps of 1/10 mm along the two-directional arrow 3. from the back to the 
front, for example, i.e. in the drawings from the left to the right for the 
purpose of measuring from a starting position (left) to the end position (right) 
where the reflected rays l8 and 19 emanate from the outermost edge of the object 

25 9 shown in the drawings. The evaluation unit is denoted by the reference numeral 
11a and is connected to the chip 11. It is only shown in Figure 1, but is also 
to be imagined as existing in the other embodiments. 

The stereo-image method is described by way of Figures 1 to 2a. • 

30 ' ] 

The light spot projection method will now be described with the aid of Figure 

3. 

Disposed at the rear, outer end of the carrier 4 are the two mirrors 12 and 13. 
55 and further to the right and drivabie with the carrier 4 are the light source 
lU on the fixing rod which is denoted by the reference numeral 20 and also the 
camera lens 10 with zhe CCD-line-chip 11 arranged behind it. 

In addition, a revolving mirror 22 is fixed to the carrie/^ so that it can 
40 travel therewith by way of a second seep motor or servomotob .j^f , yi such a way... 



that the axis 23 of the revolving mirror 22 is .vertical to the translatory 
movement, in a straight line, along the two-directional arrow 3* The ray which 
is directed from the ray source l4 and which is of low divergency and small 
diameter 15 is deflected on the revolving mirror .22 and impinges the outer plane 
5 mirror 12 as a ray 15 * . this plane mirror throwing the ray onto the surface of " 
the object 9. whence it is guided towards the other plane mirror 13 in the form 
of a reflected ray 19* like in Figure 1, and is thence deflected and is guided 
as a ray 19* onto the revolving mirror 22 where it is deflected and is guided 
into the lens 10. ' - ^ 

10 " ■ 

The rays are deflected by the revolving mirror 22 by virtue of the plurality of 
mirror surfaces shown. When it moves the ray is pivotable in oscillating manner 
in at least one plane in such a way that the light ray 15' • after being deflected 
by the plane mirror 12, passes over the entire width of the object 9 to be 

15 measured. The reflected ray 19* is also recorded by the revolving mirror 22- 
Thereby, use of a vertical CCD-line-chip 11 is sufficient onto which the camera 
lens 10 projects the light spot. The current angular position of the revolving 
mirror 22 and thus also the data relating to the line position currently being 
scanned is accurately known, 

20 

The revolving mirror 22 shown in Figure 3 thus performs two functions: firstly, 
the ray 15 produced in the ray source l4 (here the light source) is deflected 
laterally (pivotable in oscillating manner), and secondly the ray 19* 19' 
reflected by the object 9 is deflected by the same mirror surface of the 

25 revolving mirror 22, back into the camera lens 10, so that from the viewpoint 
of the camera the lateral deflection of the ray 15' projected onto the object 
cannot be seen. For this reason, for computational processing, the lateral 
deflection (measured by the instantaneous angle of rotation of the mirror 22) , 
must be known. As an alternative, however, the projected light spot can be 

30 recorded by a camera which is oriented directly onto the plane mirror 13- Here, 
however, a surface camera would have to be used since both the lateral deflection 
of the ray which is caused by the revolving mirror 22 and also the deflection 
in height which appears in the plane mirror 13 must be recorded. The lateral 
deflection of the ray which is visible directly in the camera (chip camera 11) 

:5 abandons the need to measure the instantaneous angle of rotation of the revolving 
mirror 22. 

Figure 5 shows another embodiment of the measuring apparatus for the light 
t 

section method. Other recording methods can be described with the aid of this 
;0 drawing. For example, it is not necessary to produce the necessary angles for 
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the measuring method between the light ray 15 and the optical axis {which in 
Figure 5 coincides with the reflected ray 19* or is disposed so that it is, at 
least, parallel thereto) of the camera 10 by two plane mirrors arranged at 
different angles from the mirrors 12 and 13 in the previous drawings. Instead, 
5 it is also possible to arrange the ray source l4 so that it is clearly higher 
or lower than the camera 10, so that the necessary angle is produced at the 
outset or automatically due to this arrangement. In this case, one single 
deflector mirror 12* can suffice (instead of two separate deflector plane mirrors 
12 and 13) . 

10 

The light section method will be described with the aid of Figures k and 4a. 
The view in perspective in Figure 4a shows the spread out ray 15 which is 
emanated from the ray source l4, and above it the reflected ray 19' which is 
guided into the camera 10. The ray source l4 produces a light ray as with the 

15 above-described light spot projection method. However, this ray extends in the 
plane shown at the bottom of Figure 4a, so that a thin line 24 is projected by 
the rear plane mirror 12 onto the object 9 which is recorded by the camera 10, 
11 by way of the other plane mirror 13 as a reflected ray plane 19*. Here, it 
is necessary to use a surface camera for the thin line 24 which is projected onto 

20 the object only appears in the plan view of the ray 15* which impinges from above 
vertically as a straight line, and in the direction of the reflected rays is an 
oscillating line. 

The light source i4 can also be arranged at another angle to the camera lens 10, 
25 wherein the ray 15 is then directed, via deflector mirrors and/or ray 
distributors, not shown, at the necessary angle onto the rear outer plane mirror 
12. 

To return once again to Figure 5, the light section method can also be used when 
30 only one single plane mirror 12* is used as the deflector device. If spatial 
conditions permit such an arrangement to be used as that shown in Figure 5* then 
the necessary angle is directly produced between the ray source l4 and the 
recording axis (parallel to the ray 19*) of the camera 10. 11. The light ray 
15. 15' can then be projected onto the object 9i by way of the same plane mirror 
35 12* as used to record the projected line 19'- 

The combination of the light section method and stereo-image method will be 
described with the aid of Figure 6. 
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The advantage with the light section method of being able to measure all spots 
of a surface (as opposed to the stereo-method where only striking spots can be 
measured) is put to one side by the requirement of a large amount of data which 
is produced during recording, for one surface image must be recorded for each 
5 line to be scanned, thus with a step-wise drive for each step of the carrier 4. 
With the stereo- image method it is sufficient to record one line only. 

With the embodiment in Figure 6, the apparatus is basically the same as that in 
Figure 1. In Figure 6, a ray source l4 which produces a directed ray is simply 

10 provided, which, like the embodiment in Figure 4» produces an expanded light ray 
15. The outer plane mirror 12 projects the light ray 15 back onto the surface 
of the object 9. In addition, the light section method is combined with the 
stereo-image method so that reflected rays 19. 19' are also recorded by way of 
the front-most inner plane mirror 13' by the recording unit 10, 11, or 

15 alternatively rays 25 reflected by the surface of the object, and are recorded 
after being reflected on the central deflector plane mirror 13 . The plane mirror 
13 and 13* thus records rays 25'. to which end two plane mirrors are needed. 

As with the embodiment in Figure 5. if spatial conditions so permit, it is also 
20 possible to arrange the ray source lU at an angle, shown in Figure 5. relative 
to the optical axis of the camera, so that the plane mirror 12 can then be 
abandoned . 

With the straightforward stereo-image method, if the optical axis of one or both 
25 lenses is arranged at an angle to the direction of the ray source it is also 
possible to manage with one plane mirror 13 or 13* alone. 

Figure 7 shows a similar apparatus as that in Figure 1, wherein however the 
dimensions have simply been doubled. This embodiment is used for simultaneously 
30 measuring the upper and lower jaws of a mouth 9.9*- Usually, in dentistry, this 
is rigidly coupled with the frame 1 by way of a glass panel, e.g. by touching 
or clamping, for the teeth are fixed to the jaw and not to the base plate 1 
illustrated here beneath the object 9 and beneath the object 9* • 

35 Here, four plane r.irrors 12. 13. 12". 13" are used in mirror-symmetrical 

relationship to the central plane, this plane extending through the common 

carrier In this way. it is possible to measure the upper and lower jaws 

simultaneously. 
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With respect to the particular use of the measuring apparatus according to one 
of the afore-described embodiments, a description will be given with the aid of 
Figures 8 to 9a of the possibility of designing the wire clamping element 26 and 
auxiliary measuring elements 33 and 33* for jaw orthopaedics. 
5 -Or:. 
The afore-described measuring apparatus can be used to improve the optical 
detection of the afore-mentioned clamping elements 26 (so-called brackets). 

Figure 8 shows the set of teeth consisting of three teeth 27* wherein a clamping 
10 element 26 is arranged by way of clamping surfaces 28 on the outer surface of 
the tooth 27. 

The clamping element is of mushroom-shaped cross-section (in the Z-Y-plane in 
Figure 8a) in Figure 8b, wherein passing • through the longitudinal extent (X- 
15 extent) of the clamping element 26 is a central groove 29. This latter is used 
to receive the wire spring 4l. Hook-like limbs 30 are attached on either side 
to the central groove 29, about which limbs a rubber ring 31, to the left in 
Figure 8, is fixed, or wrapped, to fix the wire spring 4l to the clamping element 
26. 

The geometry is described with the aid of Figure 8a. Arranged on the outer ends 
of the hook-like limbs 30 are two marking spots on the surface of the clamping 
element 26, possibly by way of pressing, inserting, boring or soldering. These 
markings 31 are raised sufficiently optically from the rest of the surface of 
25 the clamping element 26 to permit the striking spot 31 to be detected and 
measured accurately and by automated means. 

If the spatial coordinates of these spots are known, the X-, Y- and Z-coordinates 
of the clamping element 26 and also its angular position about the Y- and Z-axis 

30 are known. The spacing of these spots 31 from the edge of the clamping element 
which appears as a line in the projection of the Z-extent and which is marked 
by the boundary line 32 in Figure 8b (or 32* for another size), the angular 
position about the X-axis is produced, shown in Figure 8b by the angle a 1 or 
a 2 or a 3. In order to permit more accurate measuring of " this angular position, 

^.5 it is possible to select the contour of the outer surface of the clamping element 
26, thus the surface remote from the tooth 27. in such a way that inside a given 
anatomically sensible angular region for each horizontal spacing Al or A2 or A3 
measured (Figure 8b) an accurately set angular position is produced from the 
outer surface of the clamping element, the line according to the projection 32 

^0 or 52* etc., to the marking spots. 
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In Figure 8a it is also possible to see the customary heights H of the central 
groove 29 of 0.^7 mm and O.56 mm (for the dimension H) and the depth T of the 
central groove 29 of 0.76 mm, for example. 

5 Two different embodiments of auxiliary measuring elements 33 and 33* can be seen 
in Figures 9 and 9a. 

In Figure 9. the auxiliary measuring element 33 is of a T-shaped configuration 
in the plan view, and has rounded regions of increased thickness 3^* at the ends 
10 of the limbs. The thickness of the auxiliary measuring element is'^equal to the 
height of the central groove 29 and is formed by two parallel planes which are 
disposed at appropriate spacings apart. Thereby, the auxiliary measuring 
elements are plate-shaped in the X-Y-plane and they have a flat, smooth surface. 

15 With the auxiliary measuring element 33* in Figure 9a. the ends of the limbs are 
designed without the afore-mentioned regions of increased thickness provided with 
the embodiment according to Figure 9. and are thus of a T-shaped configuration 
in the Z-extent plan view of the auxiliary measuring element 33'- 

20 Both the partially circular rounded configuration of the auxiliary measuring 
element 33' in plan view and also the embodiment 3^ of increased thickness with 
the auxiliary measuring element according to Figure 9 defines an outer contour 
which allows three central spots to be measured. On the basis of the spatial 
coordinates of these three central spots it is then possible to accurately define 

25 the position of the clamping element 26. As an alternative, instead of arranging 
the central spots it is also possible to provide markings 35 on the ends of the 
limbs, as shown in the case of the auxiliary measuring element 33' in Figure 9a. 

•Figure 10 shows another embodiment for application of the apparatus for the light 
30 section method. Reference can also be made to Figure 

The carrier k is mounted in the frame 1 about the point of rotation 42. 
Accordingly, it performs a rotating movement along the arrow 3 pointing in 
different directions. The drive here is in the form of a toothed segment 37 
35 which is fixedly connected to the carrier 4. The pinion 38 of a geared motor 
39 engages in this toothed segment 37- The geared motor 39 is preferably 
designed as a step motor with step-down gearing, but it can also be in the form 
of a servomotor -.vich a step-down gearing. The motor 39 is also fixed to the 
frame 1. 
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The deflector device performs a movement through an arc about the point of 
rotation kZ, so that under the geometric conditions shown the spacing relative 
to the object 9 is changed. This is not a problem if only a small region is to 
be measured (marked on the object 9 with the two-directional arrow at the bottom 
5 to the left), in the case of a single tooth, for example. The necessary angle 
of pivotal movement of the carrier 4 would only be small, and the change to the 
spacing of the deflector device relative to the surface of the object would be 
correspondingly small - 

10 Since, on the basis of the known geometric conditions, the movement of the 
deflector device 12. 13 in this extent is known, it can easily be compensated 
for computationally when the image data is evaluated. 

Figure 10a shows another embodiment, wherein the deflector device also performs 
15 a rotating movement. By virtue of the frame 1, here in the form of a fixed 
elongate rod, the point of rotation 42 is guided very close to the deflector 
unit. The carrier 4 is simply a small, short lever which carries the deflector 
device. The drive is by way of a connecting rod 43 which is driven, like in 
Figure 10, by a geared motor. 

20 
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Claims 



An apparatus for the contact-free measuring of a poorly accessible, three- 
dimensional object (9). optically, by the plotting of surface photographs, 
having an optical ray source (1^). a recording unit (10, 11) for recording 
optic rays (15, l8, 19, 25) and an evaluation unit (11a) for evaluating 
the data transmitted by the optic rays, characterised in thar. 

a) a carrier (4) is movable on at least one guide device (2) relative 
to the object (9) on a guide track (3) opposite the frame (1); 

b) the carrier on the guide device (s) (2) is able to travel by means 
of at least one actuator (7), 

c) at least one deflector device (12, 13, 13*) is fixed to the carrier 
(4) in such a way that at least one optic ray (l8. 19, 25; l8' , 19*, 
25*) reflected by the object is deflected towards the recording unit 
(10, 11); 

d) that the position and orientation of the frame (1) relative to the 
object (9) is clearly defined at every relevant moment during the 
recording operation; 

e) that the position and orientation of the carrier (^) relative to the 
frame (1) is clearly defined at every relevant moment during the 
recording operation; 

f) that the evaluation unit (11a) has devices for storing data relating 
to the rays (l8\ 19'. 25*) reflected by the object (9) in the form 
of image elements and/or image lines and/or image planes; and 

g) that the evaluation unit (11a) has devices for processing the stored 
image data. 

An apparatus according to Claim 1, characterised in that the guide track 
(3) is in the form of a straight, linear guide (2) which is prevented from 
rotating, and that the carrier (^) is in the form of a linear carriage.. 

An apparatus according to Claim 1. characterised in that the guide track 
(3) is circular and that Che carrier (4) is designed as a hinged door. 

An apparatus according to one of Claims 1 to 3t characterised in that at 
least one further deflector device (22) is provided for oscillatingly 
deflecting the optic ray (l8\ 19', 25*) reflected by the object (9) in 



a further spatial orientation and for projecting same into the recording 
unit (10. 11). 

An apparatus according to Claim 4, characterised in that a revolving 
mirror (22) is provided for the purpose of deflecting the optic ray (l8', 
19'. 25*) reflected by the object (9). and that the revolving mirror (22) 
is fixed to the carrier (4) in such a way that the axis of rotation (23) 
of the revolving mirror (22) is disposed orthogonally to the direction of 
movement (3) of the carrier (4). 

An apparatus according to one of Claims 1 to 5. characterised in that 

a) at least one deflector device is provided for at least two rays (l8, 
19, 25) which are reflected by the object (9) at an angle to each 
other; 

b) at least one evaluation unit (10, 11) is provided which transmits 
the data from the. at least two, separate rays (l8' , 19*. 25*) to 
the evaluation unit (11a), and 

c) the evaluation unit (11a) has devices for forming 3D-data from at 
least two surface photographs. 

An apparatus according to one of Claims 1 to 6. characterised in that the 
evaluation unit (10, 11) is movably adjustable in height and/or in respect 
of its angle. 

An apparatus according to one of Claims 1 to 7. characterised by a device 
for forming the optic rays (15) which are oriented towards the object (9) 
by the, at least one. ray source *(l4), for producing additional data 
during evaluation of the photographs. 

An apparatus according to Claim 8, characterised by a further deflector 
unit (12, 13. 13'. 22. 36) for deflecting the optic ray (15. 15*) in at 
least one plane. 

An apparatus according to Claim 8. characterised in that arranged between 
the ray source (14) and the object (9) is a grid (17) (Figures 2, 2a). 

An apparatus according to Claim 8, characterised by a deflector device 
(12. f3, 13'/ which is fixed zo a further carrier (^) for aligning the 



optic ray (15. 15') relative to the object (9). wherein the further 
carrier (4) is able to travel separately on another track (3). 



12. An apparatus according to Claim 8, characterised by a deflector device 
5 (12, 13, 13*) for aligning the optic ray (15, 15*) relative to the object 

(9). wherein the deflector device (12, 13, 13*) is fixed to the carrier 
(4) for the recording-deflector device, and is able to travel together 
therewith, 

10 13. An apparatus according to Claim 8. characterised in that the revolving 
mirror (22) for deflecting the optic ray (15') is fixed to the carrier {^) 
in such a way that the axis of rotation (23) of the revolving mirror (22) 
is disposed orthogonally to the direction of movement (3) of the carrier 
(4). 

14. An apparatus according to Claim 8, characterised in that the ray source 

is provided for the purpose of producing an optic ray (15) which 
extends in a plane, and the deflector device (12, I3. 13') is designed for 
the purpose of orienting the linear ray (15) reflected on the object (9) 
20 into the recording unit (10, 11) which has a surface camera (Figures 4, 

4a, 5)- 

15. An apparatus according to one of Claims 1 to l4 , characterised in that the 
deflector device (12, 13. 13') has at least one plane mirror fixed to the 

25 carrier (l4) . 

16. An apparatus according to one of Claims 1 to 15. characterised in that the 
deflector device (12, 13, 13*) has two plane mirrors which are fixed to 
a carrier (U) at different angles (Figure 3). 

30 

17. An apparatus according to Claim 15. characterised in that the direction 
of the rays of the optic source is fixed at an angle relative to the 
optical axis of the recording unit (10, 11) (Figure 5). 

35 18. An apparatus according to one of Claims 8 to 17. characterised in that the 
evaluation unit (11a) has devices for the formation of 3D-data from the 
oriented optic illumination (15) of the object. 

19. Use of the apparatus according to one of Claims 1 to I8 for the contact- 
40 free measuring of at least one tooth (27) in a set of teeth and/or of the 



position and/or shape of at least one clamping element (26) provided on 
the tooth (27) for orthodontic wires, known as brackets (Figure 8), 

Use according to Claim 19. characterised in that at least one marking (31) 
is provided on the surface of the clamping element (26) (Figures 8a, 8b). 

An apparatus according to Claim 19 or 20, characterised in that an 
auxiliary measuring element (33 • 33') provided of suitable size (H) and 
with suitable surfaces is provided for insertion into the central groove 
(29) of the clamping element (26) (Figures 9. 9a). 



Abstract 

An Apparatus for the Contact-Free Spatial Measurement 
of a Three-Dimensional Object 

5 

A description is given of an apparatus for the contact-free, spatial measurement 
of a poorly accessible, three-dimensional object (9) optically by taking surface 
photographs, having an optic ray source, a recording unit (10, 11) for recording 
10 optic rays (15, l8, 19, 25), and an evaluation unit for the evaluation of the 
data transmitted by the optic rays. 

In order to make it possible for objects to be measured accurately, preferably 
in space, in contact-free manner in confined spaces, and for the measuring data 

15 results to be recorded, the invention provides that a carrier (U) is movable on 
at least one guide device (2) relative to the object (9) on a guide track (3) 
towards the frame (1), that the carrier (4) is able to travel on the guide device 
(2) by means of a motor (?)• that a deflector device (12, 13, 13') is fixed to 
the carrier (4) in such a way that at least one ray (l8, 19. 25; l8' , 19*. 25') 

20 reflected by the object is deflected towards the recording unit (10, 11), that 
the position and orientation of the frame (1) relative to the object (9) is 
clearly defined at any time, that the position and orientation of the carrier 
(4) relative to the frame (1) is clearly defined at any time, that the evaluation 
unit (11a) has devices for storing data relating to the rays (l8* , 19'. 25') 

25 reflected by the object (9) in the form of image elements, -lines, and/or image 
planes, and that the evaluation unit (lla) has devices for the processing of 
image data stored. 

Figure 1 
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